In the following two-part study, we determined the efficacy of observation of the light glow to detect correct placement of the tracheal tube after lightwand-guided tracheal intubation via the intubating laryngeal mask (ILM). We also determined the efficacy of a protocol to correct oesophageal intubation in this situation. In study 1, 80 ASA 1-3, anaesthetized, paralysed patients were randomly assigned to have a tracheal tube, preloaded with a flexible lightwand, placed into either the trachea (n=40) or oesophagus (n=40) under laryngoscope guidance. A blinded observer experienced with the lightwand technique determined whether oesophageal or tracheal intubation had occurred by observation of the light glow. In study 2, 1000 patients, 400 of whom were included in a previous study, underwent flexible lightwand-guided intubation via the ILM. Placement of the tracheal tube in oesophagus or trachea was determined by observation of the glow and verified by capnography. Oesophageal intubation was corrected by adjusting the ILM position using a protocol comprising two adjusting manoeuvres. Observation, verification and correction were by experienced anaesthetists conducting the case. In study 1, oesophageal and tracheal intubation was correctly detected in 38/40 (95%) and 37/40 (92.5%) patients respectively. In study 2, oesophageal and tracheal intubation was correctly detected in 55/55 (100%) and 945/945 (100%) patients respectively. In 40/55 (73%) patients, tracheal intubation was successful at the second attempt and in 13/55 (24%) at the third or fourth attempt. In 2/55 (4%) patients, persistent oesophageal intubation occurred. The sensitivity, specificity and positive predictive value were 95%, 92.5% and 92.7% respectively in study 1, and were all 100% in study 2.
Lightwand and fibrescope-guided tracheal intubation via the intubating laryngeal mask (ILM) have similarly high success rates at 97 to 100% 1,2 and 97% 3 respectively. However, a theoretical disadvantage of the lightwand-guided technique is that accidental oesophageal intubation is less easily identified and corrected. The flexible lightwand was specifically designed for use with the ILM and has a higher success rate than the blind technique 4 . It comprises a completely flexible thin plastic catheter, a light-bulb attached to its distal end, and a 15 mm concentric adapter at its proximal end connected with a battery and a power switch. In the following two-part study, we determined the efficacy of observation of the light glow to detect proper placement of the tracheal tube after lightwand-guided tracheal intubation via the ILM. We also determined the efficacy of a protocol to correct oesophageal intubation in this situation.
METHODS
After Ethical Committee approval and written informed consent, 1080 consecutive ASA 1-3 patients scheduled for elective surgery requiring tracheal intubation were studied. Patients were excluded if they were less than 16 years, had respiratory tract pathology, were at risk of aspiration, or were considered otherwise unsuitable for the ILM. All patients were given a standard anaesthetic induction with fentanyl 1 µg/kg and propofol 1.5 to 3.0 mg/kg, atracurium 0.5 mg/kg for muscle relaxation and face mask ventilation with 100% oxygen and sevoflurane 2% for three minutes.
Study 1
Eighty consecutive patients were randomly assigned (by opening a sealed envelope) to have a standard tracheal tube (Portex, U.K.), preloaded with a prototype flexible lightwand 5 , inserted under direct laryngoscopic vision into either the trachea (n=40) or oesophagus (n=40) to a distance of approximately 5 cm. Room lighting was reduced. A blinded observer experienced with the lightwand technique assessed the position/movement of the tracheal tube. The absence of the glow, or initial location of the glow, at the laryngeal prominence that disappeared during the downward movement of the tracheal tube/flexible lightwand was taken to indicate oesophageal intubation. A bright glow in the midline at the level of the laryngeal prominence that continued with the downward movement of the tracheal tube/flexible lightwand until the suprasternal notch was taken to indicate tracheal intubation. Blinding was accomplished by placing a drape over the patient's face and the laryngoscopist's hand.
Study 2
One thousand consecutive patients, 400 of whom were included in a previous study 5 , underwent flexible lightwand-guided tracheal intubation via the ILM using a flexible lightwand and a straight silicone reinforced tracheal tube (Euromedical, Malaysia). ILM insertion (size 4, 70 kg; size 5 >70 kg) and cuff inflation were according to the manufacturer's recommendations 6 . Following successful placement, a welllubricated, straight silicone tracheal tube (7.0-7.5 mm in females and 8.0 mm in males), preloaded with the flexible lightwand, was inserted into the ILM tube and advanced beyond the epiglottic elevating bar whilst observing the glow in the neck. Room lighting was reduced. If a glow could not be seen, the skin over the neck was stretched and/or the neck flexed/ head extended to increase the thyrosternal distance. Whenever slight tactile resistance was felt, a predetermined sequence of adjusting manoeuvres was instituted depending on the location of the glow 5 . When the tube easily advanced 8 cm beyond the ILM, the anaesthetist judged whether the oesophagus or trachea had been intubated according to the light glow before attaching a capnograph and initiating ventilation. If oesophageal intubation occurred, the ILM was partially withdrawn and the handle extended before a second attempt. If this failed, the ILM was partially withdrawn and reinserted before a further attempt. The maximum number of adjusting manoeuvres and intubation attempts allowed was 4 and 5 respectively. Successful ILM placement was defined as a tidal volume of 7 ml/kg without an audible oropharyngeal leak at peak airway pressures of 20 cm H 2 O. An insertion attempt was defined as rotation of the ILM towards the pharynx. An intubation attempt was defined as a forward and backward movement of the tracheal tube through the ILM. The time taken from the ILM entering the mouth to successful intubation was noted. All ILM insertions/ intubations were conducted by experienced ILM users (>100 uses with blind technique before the start of the study).
RESULTS

Study 1
Demographic data were similar for both groups. For the oesophageal intubation group, the mean±SD for age, height, weight, body mass index and male:female ratio was 45±18 y, 169±8 cm, 74±15 kg, 26±6 kg/m 2 and 22:18 respectively and for the tracheal intubation group was 42±18 y, 165±10 cm, 72±16 kg, 26±8 kg/m 2 and 21:19 respectively. In 38/40 patients, oesophageal intubation was correctly detected and in 37/40 patients tracheal intubation was correctly detected. The sensitivity, specificity and positive predictive value was 95%, 92.5% and 92.7% respectively.
Study 2
The mean±SD (range) for age, height, weight and body mass index was 48±14 (16-87) y, 168±12 (146-203) cm, 71±19 (42-133) kg and 25±7 (20-43) kg/m 2 . The male:female ratio was 472:528. Oesophageal and tracheal intubation was correctly detected in 55/55 and 945/945 patients respectively. In 40/55 (73%), tracheal intubation was successful at the second attempt and in 13/55 (24%) at the third or fourth attempt. In 2/55 (4%) patients, persistent oesophageal intubation occurred. The sensitivity, specificity and the positive predictive value were all 100%. The number of insertion and intubation attempts, and adjusting manoeuvres are given in Table 1 . The mean±SD (range) duration of the procedure was 27±7 (17-98) s.
DISCUSSION
Our data show that experienced personnel can reliably detect oesophageal intubation by observation of the light glow during flexible lightwand-guided intubation via the ILM. The randomized, blinded part of the study was conducted using laryngoscope guidance since it is difficult to deliberately intubate the oesophagus via the ILM. However, it is unlikely that this would have influenced the results since the ILM cuff lies posterior or superior to the light glow. This is supported by the results of the larger, unblinded part of the study using the ILM where the positive predictive value was similarly high. When combined with observation of chest wall movement, chest auscultation and capnography, the risks of unrecognised oesophageal intubation would appear to be extremely small when intubating via the ILM with the flexible lightwand technique.
Our data show that the protocol of adjusting manoeuvres for correcting oesophageal intubation has a high success rate. Partial withdrawal and extension of the handle will cause the cuff to move proximally and to be tilted anteriorly. This should redirect the tracheal tube away from the oesophagus to a more antero-superior target in the pharynx. Partial withdrawal and reinsertion may work by random realignment of the position of the cuff in the pharynx, or a change in the position of the epiglottis. Although not formally tested, the authors found that stretching the skin across the neck and increasing the thyrosternal distance by adopting the sniffing position were useful tactics to improve the visibility of the glow, particularly in patients with short, thick necks. Interestingly, the adoption of the sniffing position did not appear to impede intubation success rates. The ILM was designed for use in the neutral position 7 . We used a standard tracheal tube in study 1 since it is difficult to place the flexible reinforced tube/lightwand with a laryngoscope. This should not influence the results since the light glow was just beyond the tip. Finally, experienced users conducted our study and our findings may not necessarily apply to inexperienced personnel. However, it has been shown that inexperienced users have a high success rate with this technique 8 .
We conclude that experienced personnel can reliably detect accidental oesophageal intubation following attempted flexible lightwand-guided tracheal intubation via the ILM by observation of the light glow. The proposed adjusting manoeuvres are effective at correcting accidental oesophageal intubation. n  968  24  8  634  218  52  30  4  8  13  7  17  10  5 
